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Introduction
Cyclophosphamide (CYP) has long been part of the treatment regimen in patients presenting with ANCAassociated vasculitis (AAV), providing benefits with respect to both renal and patient survival (1, 2) . However, its use is associated with significant adverse events and it has a dose-dependent toxicity. Importantly, in patients with AAV, the first-year mortality is more commonly related to adverse events than due to active vasculitis (3) . In addition, despite maintenance immunosuppression, relapse rates are high (4), increasing patients' exposure to immunosuppression therapy. Previous treatment regimens, no longer in standard use, consisted of long-term oral cyclophosphamide and the resultant cumulative dose led to substantial urotoxicity, with 16% of patients at 15 years developing bladder cancer (5) . Moreover, there was an apparent increased rate of urotoxicity in patients receiving oral rather than intravenous CYP, even when correcting for cumulative dose (6) . However, even with reduced duration of CYP exposure, a higher cancer rate than the general population has been found in AAV patients, suggesting that further improvements with regard to malignant risk are desirable (7) .
A meta-analysis comparing continuous oral CYP with pulsed intravenous CYP for induction of remission in AAV demonstrated a significantly lower risk of infections and leukopenia in the pulsed group, although it was less effective in preventing relapses (8) . In addition, the risk of mortality increased with increasing severity of leukopenia (3) . In those patients with AAV and active GN (creatinine ,5.7 mg/dl [500 mmol/L]), a pulsed regime induced remission as well as the daily oral regimen, with a decreased cumulative dose and fewer instances of leukopenia (9) . Although long-term data demonstrated that the pulsed CYP regimen was associated with higher relapse rates, there was no difference in mortality or morbidity (10) .
Both renal function and age are important predictors of AAV outcome, and CYP dosage requires adjustment for these two factors, with older patients and those with worse renal function more likely to develop leukopenia and infection (11) . The MEPEX (methylprednisolone versus plasma exchange) trial recruited patients with severe renal disease and utilized daily oral CYP, as well as corticosteroids and either plasmapheresis or pulsed methylprednisolone, and mandated a CYP dose adjustment only for age. In both treatment groups, serious adverse events developed in approximately half of the patients. Adjunctive plasmapheresis increased the rate of renal recovery compared with methylprednisolone at both 3 and 12 months of follow-up. Therefore, MEPEX established a protocol for treatment of patients with severe renal disease, which was based on oral CYP (12) . Whether pulsed CYP is equivalent for treating patients with severe renal disease has not been addressed, although some physicians have already adopted this approach.
We investigated the effectiveness of pulsed CYP in a cohort of patients presenting with dialysis-dependent renal failure who received adjunctive plasma exchange, assessing renal survival, disease relapse, and adverse events as outcome measures. We compared the results with those of the equivalent plasmapheresis patients in the MEPEX study.
Materials and Methods
This study was a retrospective analysis of patients from two large tertiary renal units in the United Kingdom. All patients who presented with new or relapsing AAV and were dialysis dependent between 2005 and 2010 were considered for inclusion. Patients had a diagnosis of AAV based on clinical features (pulmonary renal syndrome), positive ANCA serology, and characteristic features on biopsy. All patients required hemodialysis during their initial presentation. Patients were excluded if serum creatinine was .5.7 mg/d but they were dialysis independent, or if circulating antiglomerular basement membrane antibody was positive.
All patients were prescribed the same regimen of oral corticosteroids, intravenous CYP, and plasmapheresis. Prednisolone was commenced at a dose of 1 mg/kg (maximum 60 kg) with a weekly decrease in dose for the first 3 weeks, followed by a more gradual decrease aiming for 12.5 mg by 3 months, 10 mg by end of month 5, and 7.5 mg by 12 months. The dose of CYP was 7.5-12.5 mg/kg depending on age (age ,60 years, 12.5 mg/kg; 60-70 years, 10 mg/kg; .70 years, 7.5 mg/kg). The first 3 doses of pulsed cyclophosphamide were administered every 2 weeks. This was followed by an additional three to seven doses of cyclophosphamide given every 3 weeks, aiming for a total of 6 to 10 doses over a minimum induction period of 13 weeks. CYP was not given if white cell count (WCC) was ,4310 9 /L. Mesna was only administered in the Birmingham Hospital cohort (n=20). Patients received plasmapheresis (aiming for seven exchanges over 2 weeks) against human albumin solution, or fresh frozen plasma if bleeding or a biopsy was performed, aiming for a 60 ml/kg exchange (with a maximum 4 L). Prophylaxis against gastritis, fungal infection, and Pneumocystis jirovecii pneumonia was routinely prescribed. After the induction regimen, patients were switched to azathioprine maintenance therapy at a dose of 2 mg/kg (maximum 150 mg) or 1 mg/kg if thiopurine methyltransferase activity was found to be low. Patients who were unable to tolerate azathioprine were converted to mycophenolate mofetil (MMF).
The following parameters were recorded: serum creatinine at 3 months and 12 months (data collected as mmol/L and converted to SI units), leukopenic episodes, documented infections, adverse events, relapses, and dosage of CYP. Estimated GFR (eGFR) was calculated using the abbreviated Modified Diet in Renal Disease (MDRD) study equation. Time on hemodialysis was recorded, as well as time to return to hemodialysis in those patients who initially regained independent renal function but then progressed to end stage renal failure.
The MEPEX study was a multinational randomized controlled study that recruited patients with serum creatinine .500 mmol/L (5.7 mg/dl) between 1995 and 2004 and utilized oral cyclophosphamide (at 2 mg/kg) and similar regimens for steroids and plasmapheresis. We compared our data with those patients in the MEPEX study who were classified as being dialysis dependent at time of entry into the study and who were randomized to plasmapheresis.
Statistical analysis comparing the survival of MEPEX patients with our cohort and time to relapse was done using the Log-rank test and Kaplan-Meier survival, whereas renal function was analyzed by one-way ANOVA with GraphPad Prism software.
Results
Patients were identified from the vasculitis clinic databases from the Imperial College National Health Service (NHS) Trust Hammersmith Hospital and Birmingham University Hospitals NHS Foundation Trust. All patients with AAV and severe renal disease who presented between 2005 (2006 for the Hammersmith cohort) and 2010 and required renal replacement therapy during their disease presentation were included. Forty-one patients who fulfilled the criteria were identified, 13 (32%) of whom had additional pulmonary hemorrhage and 18 (44%) had extrarenal involvement. The cohort consisted of 14 female and 27 male patients ( Table 1 ). The median age of the patients was 62 years (interquartile range [IQR], 49-71 years).
Sixty-eight percent (28 of 41) of patients underwent a renal biopsy. Three participants were known AAV patients (with previous pauci immune GN) who presented with a renal flare, in the context of a high ANCA titer and an acute deterioration in renal function, and were therefore not biopsied. An additional patient had a skin biopsy demonstrating a granulomatous vasculitis with a strongly positive proteinase-3 (PR3)-ANCA and dialysis-dependent renal failure. The remaining nine patients were initially unfit for a biopsy and were diagnosed with AAV based on clinical symptoms (pulmonary hemorrhage in six patients), with a positive ANCA test and ARF. Two patients who died shortly after presentation and initiation of treatment also did not undergo a renal biopsy. We analyzed the available adequate renal biopsies from 27 of 28 patients: 16 of whom went onto recover renal function and 11 of whom remained hemodialysis dependent (summarized in Table 2 ). The cohort who remained dialysis dependent had a greater number of patients with tubular atrophy of .50% compared with the cohort who regained independent renal function (chi-squared test: P,0.05), and had a lower proportion of normal glomeruli (P=0.05) and more sclerosed glomeruli, but this did not reach statistical significance.
Treatment
All patients received pulsed intravenous CYP based on the European Vasculitis Study Group regimen used in those with less severe renal involvement (9) . The median number of CYP pulses was 6 (IQR, 5-10) and the median total cumulative dose of cyclophosphamide was 4.75 g (IQR, 2.96-7.38 g). Twelve patients (29%) received fewer than the planned six doses for the following reasons: three patients died during the course of cyclophosphamide; one very elderly patient received five doses, regained independent renal function, and treatment was terminated in order to avoid immunosuppression-related complications; and two patients remained dialysis dependent and two patients returned to dialysis after three to five doses and had treatment terminated. The remaining four patients, who were all dialysis dependent, had treatment complications with leukopenia or infection and treatment was curtailed. Overall, those patients who remained hemodialysis dependent received significantly less total CYP than those who regained independent renal function (median dialysis dependent 2 g [IQR, 0.58-4 g] versus dialysis independent 6.55 g [IQR, 4.6-9.4 g]; P,0.001). The median number of plasmapheresis sessions was 7 (IQR, 7-7.5).
Renal Function and Outcome
All patients commenced dialysis within 72 hours of presentation. Of the 41 patients, 11 (27%) remained dialysis dependent with no renal recovery from the time of their initial presentation. This included three patients who died during their initial admission at 4, 7, and 66 days. Of the remaining eight surviving hemodialysis-dependent patients, six were positive for anti-myeloperoxidase (MPO), one was positive for both anti-MPO and anti-PR3 antibodies, and the remaining patient was ANCA negative. Thirty (73%) patients initially required dialysis but subsequently recovered renal function, with 28 of 30 patients regaining independent renal function by 3 months. During follow-up, four patients (three of four were anti-MPO positive) who initially regained dialysis independence subsequently progressed to ESRD with a median time of 83 days (IQR, 36-195 days) . By 3 months, 3 patients had died on dialysis whereas 12 were alive and remained on dialysis. Twenty-six patients (68%) had independent renal function with a median creatinine of 2. 
Relapse
Two of the surviving 37 patients relapsed within the first 12 months. One patient relapsed with a suspected renal relapse (not biopsied). This was treated with a change in immunosuppression from MMF to oral cyclophosphamide for 3 months. The second patient presented with a fever and a new biopsy-proven rash 8 months following the initial presentation, which was treated by changing azathioprine to MMF.
Three patients relapsed after 12 months: one extrarenal relapse at 23 months; one pulmonary hemorrhage at 16 months; and one with ear, nose, and throat symptoms at 19 months.
Adverse Events
Eleven patients (27%) had episodes of leukopenia (WCC ,4310 9 /L) during CYP therapy, with eight patients experiencing leukopenia while dialysis dependent. In four of the patients (all dialysis dependent), CYP therapy was terminated because of this complication, with one patient requiring granulocyte-colony stimulating factor rescue therapy. An additional dialysis-dependent patient had an episode of neutropenic sepsis complicating treatment, but continued CYP therapy once the WCC had recovered.
Seventeen patients (41%) had 28 infective complications (Table 3) . Four of the patients had concurrent leukopenia. Other adverse events included two episodes of deep vein thrombosis (leading to pulmonary embolism in one) after CYP had been switched to azathioprine, seizures in one patient (related to hypercalcemia), steroid-induced diabetes, depression, and one malignancy, all within the first 12 Data are shown as n (%).
months of therapy. After 12 months, 2 patients were diagnosed with malignancies, leading to death in 1 patient from metastatic disease. One patient had a cerebrovascular event, and another patient was diagnosed with atrial fibrillation and a pulmonary embolus. There were a total of eight deaths, three during the first 3 months (one sepsis and two within a week of presentation), one at 5 months (malignancy), and four between 12 and 24 months (three unknown, one malignancy). Patient survival probability was 93% and 90% at 3 and 12 months, respectively.
Elderly Patients
Our cohort of patients included eight patients aged $75 years. Of these eight, three patients either presented dialysis dependent and never regained function, or returned to dialysis within 30 days. One patient aged .75 years died shortly after presentation, and four regained and maintained independent renal function. Within this group, infections were common, with five patients developing infectious complications and another developing severe leukopenia after the first dose of CYP.
Comparison with the MEPEX Study
We obtained detailed follow-up data on the patients in the MEPEX study. We identified patients who were classified as dialysis dependent at time of entry into the study, and who were randomized to the plasmapheresis arm, in addition to receiving oral CYP (n=37) ( Table 1) . Of the MEPEX patients, 11 of 37 (30%) remained dialysis dependent from time of presentation with no recovery. Three patients progressed to ESRD during long-term follow-up (one patient at 250 days, one between 4 and 5 years, and one patient between 5 and 6 years).
By 3 months, 24 of 37 patients had regained independent renal function, 6 patients remained dialysis dependent, and 7 patients had died. At 1 year, 14 of 37 (38%) had died, with 64% of those patients dying on dialysis.
At 12 months, 23 of 37 MEPEX patients were alive, with 19 patients (51%) alive with independent renal function with a median creatinine of 1.9 mg/dl and an eGFR of 35 ml/min per 1.73 m 2 (IQR, 23-46 ml/min per 1.73 m 2 ), which was not significantly different to our pulsed intravenous CYP cohort (Figure 1) , whereas the remaining four MEPEX patients (11%) were alive on dialysis. One-and 2-year survival using the intravenous pulsed CYP regimen was significantly better (Log-rank test: P=0.05 and P=0.02, respectively) compared with the MEPEX cohort ( Figure 2 and Table 4 ).
Of the MEPEX cohort identified, 15 patients died within the first 24 months, with the commonest cause of death in 7 patients due to infection complications, followed by an unknown cause in 3 patients, and pulmonary hemorrhage, bowel infarction, gastrointestinal hemorrhage, ruptured abdominal aortic aneurysm, and a myocardial infarction in 5 patients. There were four additional deaths after 24 months. 
Discussion
This retrospective analysis demonstrates a high rate of renal recovery in patients with AAV and renal involvement requiring dialysis who were treated with pulsed CYP and adjunctive plasmapheresis. For our comparison, we used data on those patients in the plasmapheresis arm of the MEPEX study who required dialysis at presentation, which was an analogous cohort to ours. Renal recovery was achieved in the MEPEX study in 24 of 37 (65%) of patients at 3 months, whereas it was achieved in 68% of our cohort. At 1 year, the MEPEX plasmapheresis cohort had 51% of patients alive with independent renal function, whereas this occurred in 65% of patients in our cohort. The 1-year median serum creatinine was 1.9 mg/dl in the two groups.
One limitation of this study is that not all patients had a renal biopsy. However, of the renal biopsies available for analysis, more patients who remained dialysis dependent had a significant degree of tubular atrophy than those patients who regained dialysis independence, whereas no difference in glomerulosclerosis was found, unlike previous analysis of MEPEX samples (13) . Return to hemodialysis occurred in four patients in our cohort by 265 days, with no further patients progressing to ESRD after this period of time, whereas in the MEPEX cohort, only three patients returned to dialysis at 250, 1686, and 2008 days.
Both morbidity and mortality in AAV are highest in patients remaining dialysis dependent, with age .60 years and renal impairment being significant prognostic factors (14) . Our cohort had 90% patient survival at 1 year, which is similar to previous studies (9) and higher than survival in the MEPEX study. One possible explanation for this may be the retrospective data acquisition. Despite careful attempts not to miss any patients, it is possible that some, especially those who may have died during the very early stages of presentation, may have been missed, lowering the overall death rate. Alternatively, it may be a real improvement in survival, because deaths in the first year have been attributed to therapy-related adverse effects (3) and our adverse event rates were lower than previously reported. Previous studies have demonstrated that patients presenting with more severe renal involvement are more likely to be MPO-ANCA positive (12), although our cohort was almost equally split between MPO-ANCA and PR3-ANCA. In addition, patients positive for MPO-ANCA are more likely to present with irreversible renal lesions unresponsive to immunosuppressive therapy (15) , and a greater proportion of our patients progressing to ESRD were MPO-ANCA positive. The two patients who relapsed in the first year were PR3-ANCA positive, consistent with previous studies that demonstrated that PR3-ANCA positivity is a risk factor for relapse in AAV (15, 16) . However, more patients with longer follow-up would be required to investigate whether this regimen results in an increased risk of long-term disease relapse.
Previous studies of oral CYP in AAV have highlighted hemorrhagic cystitis as a severe adverse effect of the drug. In this cohort, none of the patients developed hemorrhagic cystitis as an adverse effect, although all were initially dialysis dependent. However, during the CYP treatment period, .60% of patients recovered independent renal function and could therefore have been at risk of developing CYP-related bladder toxicities. Elderly patients (aged .65 years) tend to present with more severe renal involvement, develop more infections as a consequence of immunosuppression, and have an increased mortality (11). In addition, older patients have a high rate of ESRD (17) . However, a recent study demonstrated the benefit of treating very elderly patients with immunosuppression, despite the increased treatment-related complications (18) . Our data suggest that intravenous CYP can be used in this elderly population of patients, with appropriate dose reduction, although infections remain a common problem. Questions regarding whether elderly patients require a dose reduction of corticosteroids remain unanswered because even when the use of CYP is limited and agents such as rituximab are used, adverse events remain common, with high doses of steroids likely to be contributing to this effect (19, 20) .
One concern regarding the use of intravenous CYP is the relapse rate and the future exposure to further immunosuppression. This study comprises too few patients to address this issue. Short-and long-term follow-up of patients from the CYCLOPS study (randomized trial of daily oral versus pulsed cyclophosphamide) reported more relapses in the pulsed CYP group (9) with no differences in renal relapses, and importantly no difference in long-term renal outcome or mortality (10) .
In conclusion, this analysis demonstrates that intravenous CYP together with corticosteroids and plasmapheresis can be effective in this group of patients with AAV and severe renal involvement, allowing patients to regain renal function without exposing them to the adverse effects associated with cumulative doses of oral CYP.
